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I. GENERAL LOCATION AND DESCRIPTION 

A. Location 

The Navajo Nation Shopping Center, Inc. (NNSCI) is proposing a 70 acre mixed use development called 
“The Outlook at Glittering Mountain”.  The project is located approximately 20 miles east of Flagstaff in the 
north ½ of Section 31, Township 21 North, Range 11 East, of the Gila and Salt River Base Meridian, 
Coconino County.  The project is located on APN #’s 303-38-007F.  A Vicinity Map is included in Appendix 
A. 
 
Access to the site is provided by Interstate 40 (I-40) at Exit 219 (Twin Arrows Road) and Resort Boulevard.  
The site is adjacent Jet Road and Coral Drive, both are partially constructed gravel roadways.  Other than 
some scattered single family homes, the only development in the vicinity of the project site is the Twin 
Arrows Casino.  The property changed zoning from General (G) to Planned Community (PC) in order to 
construct the mixed use development.  The Outlook at Glittering Mountain will consist of retail, 
entertainment, and lodging.  Development will occur in four phases, with the first phase consisting of the 
South Frontage areas at the southeast portion of the site.  The Family Entertainment Center (FEC) will be 
the first development of Phase 1  
 

B. Description of Property 

The project site is located on 70 acres with juniper tree and grassland coverage.  With the exception of one 
house and various smaller associated structures, the site is currently undeveloped.  Soils for the site are in 
Hydrologic Group D with rock outcroppings and a limestone layer that is covered by shallow sandy soil 
throughout the site.   
 
The area slopes to the east toward the Twin Arrows Casino, and ultimately drains to Padre Canyon 
northeast of the site.  There are existing swales/channels on the west side of the casino that intercepts and 
diverts runoff around the casino and to the north.  There are no identified floodplains or irrigation facilities 
within the project limits. 
 
The Family Entertainment Center will be located on approximately 6 acres at the southeast corner of the 
Glittering Mountain development.  The FEC will consist of a 69,800 square foot, single story building, 
access roads, parking area and associated utility infrastructure. 

C. Objective 

This Drainage Report provides a summary of the drainage analysis and design for the proposed Family 
Entertainment Center project.  The drainage analysis includes performing an analysis of the offsite and 
onsite drainage impacts associated with the proposed improvements for the 2-, 10- and 100-year storm 
events.  Mitigation for post-development runoff was designed to be at or less than pre-development peak 
discharge rates in the 2-, 10- and 100-year storm events.  This drainage report will also identify the 
drainage patterns and determine a plan for drainage mitigation for Phase 1 of the development. 
 
The procedures and requirements set forth in the Coconino County Drainage Design Criteria were used to 
determine all drainage requirements for the proposed development.   
 

II. DRAINAGE BASINS AND SUB-BASINS 

A. Major Basin Description 

The site is located within FEMA FIRM Panel 04005C6900G which is not a printed panel and is currently 
unavailable.  The site was previously identified as being located in an unidentified FEMA flood risk area as 
read from the FEMA FIRM panel 0400190087A, effective 05/30/1978.  A detail study was not performed. 
 
The Final Drainage Report, Twin Arrows Casino, prepared by SWI and dated March 18, 2013, and the 
Twin Arrows Casino Access Road, Final Drainage Report, prepared by HDR and dated September, 1 2011 
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were reviewed for the design of existing drainage facilities.  The project site is located within post-
development drainage basin “O1” of the SWI report and proposed drainage basin “PDA09” of the HDR 
report.  Detention pond “BSN#2” is an existing detention facility constructed with the improvements for 
Resort Boulevard, and was designed with the HDR report.  Most of the runoff routed through the detention 
basin is from areas south of Resort Boulevard.  The roadside ditch adjacent Jet Road intercepts runoff 
originating west of the roadway and diverts the flows to BSN#2.  The west boundary of the watershed will 
be at Jet Road. 
 
Drainage in the area generally flows to the east, and is diverted to the north upon reaching the casino.  
Existing trapezoidal channels intercept runoff from the area west of the Casino and divert the flows around 
the west and north sides of the Casino.  Future plans for the basin consists of a mixed use development 
with a variety of commercial and residential components.  The intent of the design is to maintain the same 
drainage characteristics and discharge runoff to the same concentration point. 
 
Soil data for the drainage basin was obtained from the Natural Resources Conservation Web Soil survey 
website.  The soils on the site were determined to have a hydrologic soil group rating of ‘D’.  A soils map is 
included in the appendix.  
 

B. Sub-Basin Description 

The proposed FEC improvements include extending Coral Drive from the existing termination at the west 
property boundary to the FEC site.  With the Coral Drive roadway extending further east, the project site 
will be separated into two sub-basins by the new roadway. The north sub-basin will be referred to as basin 
“A” and the south sub-basin will be referred to as basin “B”.  Both sub-basins drain to the east and the 
flows from the site eventually drain into the existing channels west of the Casino.  The flows out of pond 
BSN#2 currently drain though basin B and enter the Casino diversion channel adjacent the Casino 
employee parking lot.  Offsite runoff will be accommodated by either routing the runoff around or through 
the FEC development.  The northwest side of the development will also receive offsite runoff in the form of 
sheet flow, which will also need to be routed through or around the project. 
 
 

III. DRAINAGE FACILITY DESIGN 

A. General Design Concept 

 
Pre Development Drainage Conditions 
 
The hydrologic analysis for the existing drainage conditions was performed using Bentley’s PondPack 
computer program.  Time of concentration and runoff curve numbers were calculated using the SCS TR-55 
methodology.  Rainfall data was obtained from the NOAA Atlas 14 Precipitation Frequency Data Server. 
 
Topographic mapping was provided by WLB Group and supplemented by topographic information at the 
project site by SWI.  The topographic information was used to determine the existing drainage patterns on 
the site.  The site generally drains to the east with slopes ranging from 1%-3%.  Stormwater runoff on the 
site consists of sheet flow which transitions to shallow concentrated flow. 
 
The pre development drainage for the watershed was analyzed as two sub-basins that drain to 
concentration points located at the east property boundary.  The watershed includes area outside the 
proposed development boundaries to the west, southwest, and south of the site.  See the Pre-development 
Drainage Exhibit in the Appendix A for further details on the existing drainage patterns across the project 
watershed and Appendix C for a detailed summary of the pre-development condition hydrology modeling. 
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Table 1 – Pre-Development Condition Summary 

Basin Area (ac) CN Tc (hr) 
Peak Discharge Rates (cfs) 

2-yr 10-yr 100-yr 

A 16.481 89 0.550 7.77 14.46 26.24 

B 9.063 89 0.502 4.53 8.50 15.40 

CP Pre 25.544 89 - 12.21 22.90 41.63 

 
Post Development Drainage Conditions 
 
The hydrologic analysis for the post development drainage conditions was performed using Bentley’s 
PondPack computer program.  Time of concentration and runoff curve numbers were calculated using the 
SCS TR-55 methodology.  The site plan provided by Nelsen Partners architects and the proposed grading 
developed by SWI were used to determine the drainage basins in the post development condition.  The 
post development drainage was analyzed by dividing the watershed into four sub basins.  Basin A was 
divided into two basins, one each for the offsite drainage area, named “A Off”, and one for the northwest 
portion of the FEC building that will be included in basin A, named “A Site”.  A channel will be sized to 
convey the offsite flows around the west and north sides of the building.  Runoff from basin A Site will be 
from the roof drains at the FEC building.  The flows from basin A Site will drain to the diversion channel at 
the north end of the building.  The proposed north diversion channel has been sized to convey the 100-
year peak discharge. 
 
Basin “B Site” will consist of the parking area and the south east portion of the FEC building.  Since a 
majority of the impervious area and all of the parking area is located within basin B Site, a detention facility 
will be located in this drainage basin and sized to offset the increase in peak discharge rates for the 
proposed improvements.  Detention Pond B is designed as an above ground basin with 3:1 side slopes 
and a depth of 3 feet.  The pond is located to the east of the FEC building, to discharge at the lowest 
existing grade on the site.  The outlet to the pond will be (1) 8” diameter HDPE pipe.  The pond will have a 
total storage volume of 0.378 acre-feet with a bottom elevation of 5,821.4 and a top elevation of 5,824.4.  
The water surface elevation during the 100-year storm event was calculated to be 5,824.15 with a storage 
volume of 0.322 acre-feet.  The pond will be constructed with an emergency overflow in the form as a 
riprap weir with a flowline elevation on 5,824.15 to release flows in the event that the outlet pipe were to 
become clogged. 
 
The outlet structure of existing detention pond BSN#2 discharges towards the south portion of the project.    
There is currently a berm that captures and diverts flows to the east towards the casino.  Per the design by 
HDR, pond BSN#2 will have a release rate of 55 cfs during the 100-year storm event.  Basin “C” is the 
portion of the watershed that includes the offsite parcel southwest of the FEC site, and the portion of 
Glittering Mountain that is south and southwest of the FEC site.  The design of the proposed drainage 
facilities in basin C have accounted for the flows released from existing detention pond BNS#2.  A 
proposed trapezoidal channel will intercept the flows from pond BSN#2 and basin C.  The channel will be 
sized to convey the flows west to the existing diversion channel at the Casino.  The new entry boulevard 
leading into the FEC development and will require a culvert crossing at the south channel.  The culverts 
have been sized to convey the 100-year peak discharges.  See appendix A for the Post Development 
Condition Drainage Exhibit and Appendix C for a detailed summary of the post development condition 
hydrology model. 
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Table 2 – Post-Development Condition Summary 

Basin Area (ac) CN Tc (hr) 
Peak Discharge Rates (cfs) 

2-yr 10-yr 100-yr 

A Off 15.594 89.2 0.550 7.51 13.87 25.06 

A Site 0.631 98 0.10 1.11 1.63 2.46 

B Site 3.412 96.4 0.144 5.12 7.78 12.02 

B Outlet 

Controlled 
- - - 1.40 1.79 2.25 

C 6.073 89.5 0.501 3.03 5.69 10.31 

CP Post 25.71 90.4 - 12.03 21.580 38.01 

 
Regional detention basins would be an ideal solution but an area large enough to accommodate a large 
detention basin is not likely given the Master Plan layout.  As a result, each phase of development will need 
to provide detention.  Detention and other storm drain infrastructure will continue to discharge runoff to the 
east as it currently flows.  
 
 

IV. SUMMARY AND CONCLUSIONS 

The drainage improvements for the proposed Family Entertainment Center are designed to reduce post 
development peak discharge rates to be at or below pre development levels.  All drainage conveyance 
facilities were sized per the requirements outlined in the Coconino County Drainage Design Criteria.  The 
final design of this site will convey discharge to levels at or below pre development peaks with no adverse 
impacts to downstream improvements. 
 
SWI has designed Detention Pond B to be utilized on a regular basis with typical maintenance or 
inspection.  Routine maintenance is required, and SWI recommends that the detention pond, inlet and 
outlet pipes, and riprap areas be cleared of weeds, debris, and trash every 6 months or after large (10-
year) storm events.  Inspections are necessary to ensure the detention pond is operational and 
maintenance issues are addressed before the next storm event. 
 
Future drainage design for the project will be done in accordance with the latest version of the Coconino 
county Drainage Design Criteria.  Peak discharge rates for the 2-, 10-, and 100-year events will be 
determined for the project site.  Channels, culverts, inlets, and storm drain systems will be designed to 
accommodate the peak discharge rates.  Detention facilities will be designed to offset increases in the post 
developed peak flow rates and will release runoff at or below the existing peak flow rates.  Each phase of 
development will be required to submit a drainage report that will address post development drainage 
conditions. 
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Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Coconino County Area, Arizona, Central Part
Survey Area Data:  Version 9, Dec 14, 2013

Soil Survey Area:  Little Colorado River Area, Arizona, Parts of
Coconino and Navajo Counties
Survey Area Data:  Version 6, Dec 26, 2013

Soil Survey Area:  Oak Creek-San Francisco Peaks Area, Arizona,
Part of Coconino County
Survey Area Data:  Version 4, Dec 17, 2013

Your area of interest (AOI) includes more than one soil survey area.
These survey areas may have been mapped at different scales, with
a different land use in mind, at different times, or at different levels
of detail. This may result in map unit symbols, soil properties, and
interpretations that do not completely agree across soil survey area
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Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Aug 13, 2010—Oct 11,
2010
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imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Hydrologic Soil Group

Hydrologic Soil Group— Summary by Map Unit — Coconino County Area, Arizona, Central Part (AZ631)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

10 Deama gravelly loam, 2
to 15 percent slopes

D 2,652.6 11.8%

11 Deama stony loam, 1 to
15 percent slopes

D 327.8 1.5%

60 Winona gravelly loam, 0
to 8 percent slopes

D 3,102.7 13.8%

65 Winona-Rock outcrop
complex, 30 to 70
percent slopes

D 479.0 2.1%

66 Winona-Tusayan
association, gently
sloping

D 5,015.2 22.2%

Subtotals for Soil Survey Area 11,577.3 51.3%

Totals for Area of Interest 22,552.3 100.0%

Hydrologic Soil Group— Summary by Map Unit — Little Colorado River Area, Arizona, Parts of Coconino and Navajo
Counties (AZ707)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

25 Mellenthin gravelly
sandy loam, 0 to 8
percent slopes

D 4,777.6 21.2%

28 Mellenthin-Rock outcrop
complex, 30 to 70
percent slopes

D 159.5 0.7%

Subtotals for Soil Survey Area 4,937.1 21.9%

Totals for Area of Interest 22,552.3 100.0%

Hydrologic Soil Group— Summary by Map Unit — Oak Creek-San Francisco Peaks Area, Arizona, Part of Coconino County
(AZ693)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

NOTCOM No Digital Data Available 6,038.0 26.8%

Subtotals for Soil Survey Area 6,038.0 26.8%

Totals for Area of Interest 22,552.3 100.0%
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Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method:  Dominant Condition

Component Percent Cutoff:   None Specified

Tie-break Rule:  Higher

Hydrologic Soil Group—Coconino County Area, Arizona, Central Part; Little Colorado River Area,
Arizona, Parts of Coconino and Navajo Counties; and Oak Creek-San Francisco Peaks Area,
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